Connectivity of membrane domains  by Marsh, D.
Connectivity of membrane domains
Derek Marsh
Max-Planck-Institut fOr biophysikalische Chemie, G?ttingen, Germany
Organisms exist by virtue of the specific compartmenta-
tion afforded by the plasma membrane and the mem-
branes ofthe intracellular organelles. A less clear issue is
the extent to which possible two-dimensional compart-
mentation arising from in-plane membrane domains is
essential to the life ofthe cell (cf. 1 ). Domain formation,
corresponding to regions of lateral phase separation, has
been visualized in bilayer membranes composed of bi-
nary lipid mixtures (originally by McConnell and asso-
ciates). The potential functional advantages arising
from the enhanced lateral compressibility ofmembranes
in a state oflateral phase separation have longbeen recog-
nized. Only recently, however, has attention turned
again to membrane domains as a means ofcompartmen-
tation, and more importantly as channels ofcommunica-
tion, within the plane of the membrane (2). Vaz,
Thompson, and co-workers (3-5) have pioneered stud-
ies which have illustrated communication between co-
alescing domains in a rather direct way. Conceptually
the experiments are rather simple, but the results are
most striking nonetheless. For many years, photobleach-
ing a given area ofmembrane in which fluorophores are
homogeneously incorporated has been used to deter-
mine translational diffusion coefficients from the recov-
ery of fluorescently labelled species into the region
bleached. The question now asked is: what happens
when such measurements are performed with a fluores-
cently labelled lipid incorporated in binary lipid mem-
branes that are in a region of lateral phase separation?
The answer is that the fluorescence recoveries remain
extremely low (even though the fluorophore is generally
restricted to domains of fluid lipid), until the tempera-
ture is raised to such a point that the various fluid mem-
brane domains connect with one another to form a con-
tinuous domain ofdimensions comparable to that ofthe
bleached membrane area (typically 1 Ium). At this
point of connectivity, the fluorescence recovery in-
creases abruptly to 100%. The point of connectivity is
found to display a fascinating dependence on the lipid
composition of the binary mixture. In some cases, con-
nectivity of fluid domains is found to occur close to the
fluidus phase boundary (3), i.e., only when most of the
lipid is converted to the fluid phase, whereas in other
cases domain connectivity is found close to the solidus
phase boundary (5) when only a small proportion ofthe
lipid is in the fluid phase. Clearly, the geometry of the
domains must be very different in these two cases: one is
isometric whereas the other is reticular. Such results
have also stimulated the development of other methods
for determining domain sizes (6). In the current issue of
this journal, Almeida et al. have extended the previous
studies to ternary lipid mixtures which include the ubiq-
uitous mammalian plasma membrane component, cho-
lesterol. This is significant for several reasons: not only is
the compositional complexity of the membrane in-
creased, but also cholesterol is known to remove the co-
operativity ofthe sharp phase transitions associated with
single phospholipid species. Therefore, the properties of
such mixtures may be representative not only of choles-
terol-containing plasma membranes, but also of the
non-cooperative behavior of the complex lipid mixtures
found in other membranes. Additionally, the connecti-
vity data have been interpreted by Almeida et al. in
terms of general results from percolation theory. This
opens up the possibility ofanalyzing other types ofmem-
brane domain formation, for which the lipid mixtures
serve as a well defined test system. With this, domain
connectivity in membranes can really be considered to
have come of age. The wheel has almost turned full cir-
cle, since it is now possible to consider again, as previ-
ously suggested (7), whether the incomplete recoveries
with fluorescently labelled proteins, that are normally
found after photobleaching cell membranes, are features
of another form of domain disconnection. Combined
with measurements of the local protein diffusion coeffi-
cients (8), the answer to this question may be in sight.
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